
r077 O2 1!O
~~

,,
~
!!!!H!6OOS E BAY 1ONOSPHE ,!

!!!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

8
111L :I

_ _ _ _ _ _

__
_ _ __

‘$1 _
__r14 _

END



-~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4

1 ~
LEVE~ _ c2~~- - -—---- —

ES AND T~~~POSE)~W,~ NOSPHERE V
—

~~~~( •1~

Department of Astronomy
Boston University
725 Con*nonwealth Avenu e
Boston, MA 02215 v

~~
- . .

. ~~~~~—

~~

‘ :.
~~

t
~~~,

1919

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ g
~~~J

Approved for public release; distribution unlimitted

LU
—3
—LL
~l . AIR FORCE GEOPHYSICS LABORATORY

C..3 AIR FORCE SYSTEMS ~~NMAND
~~~~ UNITED STATES AIR FORCE
~~~~ RANSCOM APE , MASSACHUSETTS 01730

~~~~~~~~~~~~~1
f

~~~~~~ 11 
j t) t)

- 
~~~~~~ ~~~~

- =---



I ~

Qi~alified requestors may obtain additional copies frau theDefense Documentation Center. All others should apply to the
National Technical Infor mation Service .

~~~



- .- ——----- -- ---- ~~~—~ -— ~~~~~~~~ -~~ —-~~~~
-——.- —

~~
--- - - - --- .- 

______
—~~~~~~~

unclassified
SECURITY C L A S S I F I C A T I O N  OF THIS  PAGE (When Oat. Entered)

REPORT DOCUMENTATION PAGE REFO C ORM
I . REP ORT NUMBER 2. GC’VT ACCESSION NO. 3. R E C I P I E Nt ’S C A T A L O G  NUMB E R

AFGL— TR—79—0023 /
4. T I T L E  (and Subtitle) S. TYP E O F REPO RT & PERIOD COVERED

DMSP AURORAL IMAGES AND THE GOOSE BAY scientific-Final

IONOSPHERE 5. PERFORMING ORG. REPORT NUMBER

7 AtJ T~iOR (a) B CONT~~ACT OR GRANT NUMBER(s)

C.C. Chacko F19628—78—C—0Oll’
Michael Mendillo

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT , TASK
/ A R E A  6 WORK U N I T  N U M B E R S

Astronomy Department, Boston University 62101F
725 Commonwealth Ave., Boston, MA 02215 464306 AA

II. CONTROLLING O F E C E  NAME AND ADDRESS 12. REPORT DATE

Air Force Geophysics Laboratory January 1979
Hanscom AFB, Bedford, MA 01731 13 , N U M B E R O F  PAGES

Contract Monitor: E.J. Weber/PHI 44
14 MONITORING AGENCY N A M E  ~ AODRESS (I( differen t from Controlling Office) 15. SECURITY CLASS. (of thi, repor t )

Unclassified

IS.. DECLASSI FICATION ‘ DOWNGRADING
SCHEDULE

IS. DISTRtBU~~ION STATEMENT (of  rhio Report)

Approved for public release; distribution unlimited

Ii DISTRIBUTION STATEMENT (of the abetted •ntered in Block 20, II different from Report)

8 S U P P L E M E N T A R Y  NOTES

19. KEY WORDS (Continu, on reverse aide if necessary and ident If y by block number)

DMSP/Goose Bay Data Base, Continuous Aurora, Diffuse Aurora,
Feldatein Auroral Oval, Substorm Phase, Critical Frequency,
Total Electron Content, Plasma Convection

20 AB S T R A C T  ‘Conti nue on reve r ie .Id. I, neceue.ry and IdentIfy by block numb.,)

~ The DMSP/Goose Bay data base consisting of all DMSP images
obtained between December 9, 1971 and September 21, 1973 with
Goose Bay in the field of view forms the basis of this study
aimed at examining auroral and ionospheric conditions prevailing
in the vicinity of Goose Bay. It was found that little of a
systematic nature could be deduced from attempts to correlate
the presence of auroral activity near Goose Bay with parameters - --

DO ¶ ~~~~~~~ 
1473 ED ITION OF 1 NOV 65 IS OBSOLETE unclassified

IFCI IR JTV CLA$SIPICA’ ION OP THIS PAG ( (*Bian bat. Entered)

_ _  

— _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

- 
:i.~~~~ 

TJ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _  - - 

( f J ~
-i.- uncJ.assiried - ~~~~ . - -,

j  SECURITY CLA SSIFICATION OF THIS PAOe(IP6~~I Data £nt.r.d)

‘ like /foF2, A~’~~~ etc., although past studies had established that
aurorally induced electron density enhancements in the upper
ionosphere always occur a few degrees equatorward of the low
latitude boundary of the continuous aurora. Another major result
of the study is the finding that the phase of the auroral electro-
jet activity is important in determining the proximity of
continuous aurora to Goose Bay. Two case studies are discussed to
illustrate the correspondences between auroral activity captured
on DMSP images on the one hand and ionospheric parameters On
the other. -

unclassified
SECURITY CLASSIFICATION oc Y~~~~~ PAGE(Wh .n Dat. Ent.r.d)

‘-

~

- . .-- .-

~



—

~ 
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

iii

Acknowledgements~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
iv

Chapter 1. Introduction 1

Chapter 2. Analysis and Results 4

Chapter 3. Discussion and Conclusions 25

Appendix 32 

__ _ _  _ _ _Ac ~~siori For

p IiTl :. ~~~~~~
TA!~

~
_ -

~
tj 1ic

~
i ti

~
ri

1 
_____________________

-.
~~~~~~~~~~ ~~~L_________

!Lv11ia~,d/or
Dlst Gpecia].

LftJ~~~~~~~~~~~~~~~~~~

-a.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . - . - . . - - - - -~~ - - --~~~ 
— - - - — -  — 

— — — ---a

-

~ 

-~~~~~~~~ ~~~~~ — . ~~~~~~~~~~~~~~~~~~~~ 

- —

~~~~ 

- a 

~~~~~~~~~



— .- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ i _— ~~~~~~~~~~~~~~~~~ 

— — - — —

iv

ACKNOWLEDGEMENT

We thank Captain Edward J. Weber and Mr. Jurgen Buchau

of the Air Force Geophysics Laboratory for their co—operation

in the course of this work . We also thank Ken Schatten of the

B.U . Astronomy Department for  assistance in the statistical

treatment of the data.

I

_ _ _ _  
_ _  _  

-4-s ---~~~----.-o~~ . --—- — ‘ — ~~~~~~~~~~~ ,_ass__ ._ ~.. ~~~~~~~~~~~~~~~~~~~~



r~~w ~~~
‘ -.. .

~~~~

,—

~~~

--, —--.—

~~~~~~~~~~~

==-- .- — . _ _

1

CHAPTER 1. INTRODUCTION

This report describes the f inal  scien tific results of a one

year study aimed at examining ionospheric conditions that prevail

in conjunction with optically discernible auroral phenomena.

Specifically , the study utilizes the DMSP/Goose Bay data base which

consists of all available DNSP images recorded between December 9, 1971

and September 21, 1973 with the ionosphere-monitoring station Goose

Bay (65° CGL) in the field of view. The images have been gridded and

photographic reproductions with the 100-km overlay are available.

However, for the purposes of the present study it was found

necessary to work with the original DMSP images themselves

archived at the Air Force Geophysics Laboratory.

This study represents the latest effort in an ongoing

program at Boston University dealing with the general problem

of morphology and dynamics of the high latitude ionosphere

[Men dillo and Chacko, 1977; Chacko and Mendillo, 1977J . These

past studies showed , on a statistical basis,that the electron

density enhancements in the F—region associated with the pole-

ward wall of the main electron densi ty trough occur a few

degrees equatorward of the low latitude boundary of diffuse

auroral emissions as determined from ISIS and DMSP aurora l

images. Detailed examinations of several individual events

further showed that the separation between diffuse aurora and

the poleward trough wall varied from less than one degree to as

much as seven degrees in latitude. Moreover , these studies

consistently revealed a lack of any systematic relationships

between the observed separation and magnetic activity. Figure

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

j
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9 Dec. 1971
06 U.T.

ISIS PASS

DMSP 
~sq t!il i IIIiIItiIl

A~~OO

o f0F2 (MHz) ~~ :T EC UNITS

IONOSONDE S 1Q12 el/cm2

FIGURE 1.1 North polar view in CGL showing the location of
near—simul taneous ISIS and DMSP satellite data
for 0600 UT on 9 December 1971. Ground-based
f oF2 va lues a nd TEC d a t a  a t  0600 UT f rom a
network of ionosondes also are presented using
integer values.
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1, reproduced from Chacko and Mendillo [1977] illustrates the

observed inter-relationships in a graphical scheme. f For details /4
see Chacko and Mendillo, 1977]

The picture that emerges from the above considera tions is

that of the topside electron density enhancemen ts occuring no t

directly abov e the instantaneous location of the particle

precipitation region as inferred from optical data , but equatorward

of it , the latitudinal separation between the two phenomena showing

no apparent relationship to magnetic activity. Note that an

analogous displacement between visible auroral forms and the pole-

ward wall of the main electron density trough has been observed

using the Chatanika incoherent scatter radar technique (Bates,

et al., 1973) . We present in Chapter 2 results from the current

study that further underscore the general lack of coinci dence

between particle precipitation and its signature in the n ight  side

upper ionosphere. In Chapter 3 we discuss an explanation for this

finding. The appendix is devoted to a companion study of the

behavior of the P2 peak along the noon-midnight meridian in mid-

winter under very quiet magnetic conditions.

t
C
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CHAPTER 2. ANALYSIS AND RESULTS

Figure 2.1 presents four histograms pertaining to the avail-

able data. Figure 2.1 (a) shows that only 136 of the 260 auroral

images have yielded useful information about the low latitude

boundary of the continuous aurora. Presence of bright moonlight,

detector problems, various scaling uncertainties and the unavail-

ability of the original transparencies at the time of scaling

have contributed to this situation. Figure 2 .1 (b) shows the

local time distribution of the available measurements. In what

follows we have adopted a simple division of these data into pre-

midnight and midnight sectors, comprising the local time ranges

1800 — 2200 and 2200 — 0200 respectively . In general, data for

the midnight sector are derived from passes that occurred prior to

November , 1972 and the pre—midnight data from passes that took place

afterwards, with some overlap occurring in the month of November .

Figure 2.1 (c) shows the number of more-or—less simultaneously obtained

Goose Bay critical frequency values against scalings of auroral

images available in the midnight sector. (See Figure 2.5). Figure

2.1 (d) is a similar histogram that compares another ionospheric

observable , the total electron content , with auroral images. (See

Figure 2 . 6 ) .  In both these cases pairs of uncoordinated observations

are involved and the paucity of simultaneous observations is caused

by active auroral conditions that render routine ionospheric

observations difficult.

The Q = 0 auroral oval has an equatorward boundary at 700

Corrected Geomagnetic Latitude (CGL) near local midnight and migrates

_ _ _ _  -~~~~-
-
~~~~~-—- —— ,- -
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to 590 CGL under severely disturbed conditions represented by Q = 8.

The auroral oval under steady magnetic conditions reaches its most

equatorward extent near midnight and a consideration of the oval

morphology as a function of the Q-index shows that Goose Bay could

remain either an auroral or a subauroral station almost through the

entire local night depending on the level of magnetic disturbance.

Under conditions of moderate magnetic activity (Q- 3),however , Goose

Bay remains an auroral zone station for about four hours around

local midnight and it should be considered an ionospheric trough

station during the remaining night hours.

Figure 2.2 shows the equatorward boundary of auroral optical

emissions determined in the 2200 — 0200 LT sector by means of three

widely different techniques as functions of Kp. The open circles

represent AX , the separation between Goose Bay and the equatorward

edge of continuous aurora as registered on the DMSP images and scaled

by overlaying the 100-km grid on the images. Identification of the

auroral boundaries and the actual scalings were performed on the

original DMSP images archived at AFGL. Note that Figure 2.2 represents

48 individual DMSP images that afforded unambiguous determinations of

the low latitude boundary of continuous aurora. A positive value of

AX signifies that the auroral boundary is located poleward of the Goose

Bay station. The solid circles show the latitudinal separation of

Goose Bay from the equatorward edge of the diffuse aurora , recogniz—

ed as such on the basis of observations made from the ISIS-2 satellite

(Anger and Lui , 1973; Lui and Anger , 1973; Lui et al., 1973; Lui et

al., l975a and Lui et al., 1975b). The 58 solid circles shown in

the figure are adopted from the work of Lui et al., (1975a) . The
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dash-dot line is the low lati tude boundary of the Feldstein

auroral oval (Feldstein and Starkov , 1967). The dotted line and

the continuous line represent linear regressions on the DMSP and

ISIS—2 data respectively, the corresponding correlation coefficients

being — 0 . 7 7 0  and —0.715 .  Note that all three boundaries are

determined near local midnight. The error bars show the sample

standard deviation given in standard notation (Bendat and Piersol ,

1971) as

N 2 ½
N 2 (x— ~) (y~—7)]Syx E (y.

~—7) 
— __________________

N — 2  i==i N
2

~~, : (x 1—~ )

The regression equations are:

~~~ X = —l.57Kp + 4.7 [DMSP]

,~~ X = —0 .99Kp + 2.7 [IsIs_2J

Figure 2.2 shows that the discrepancy between the equatorward

boundaries of auroral luminosity monitored by the DMSP and ISIS-2

satellites is insignificant. The low latitude boundary of the

Feldstein auroral oval , however , is located at lower latitudes

in comparison to the satellite—based measurements. This result is

in general conformity with previous observations made by Feldstein

et al., (1969) who suggest that the cause of this solar cycle—

associated variation could be changes occurr ing in the intensity of

~~ the ring current with the polar electrojets remaining unchanged .

— - - -
~~~-- -- ~~~~~~~~~~~ —— - .~~~~—-—~ ~~~~~ -.
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LT, 2200 — 0200
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Figure 2.2 The equatorward boundary of optical aurora monitored by DMSP (open
circles, dotted line) and ISIS-2(solid circles, solid line)
measured as latitudinal separation frczn Goose Bay. The error bars
represent the sample standard deviation. The dash-dot line shows
low latitu de boundary of Feldstein auroral oval.
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0

0 9 0
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0 0 0
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0 0 0 0

0
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Figure 2.3 The latitudinal separation of Goose Bay from the low latitude

edge of continuous aurora in the 1800-2200 L’P sector vs Kp.
The linear regression line and the sample standard deviation
are shown. 
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Figure 2.3 shows ~ A plotted against Kp for the 1800 - 2200

LT sector . Sixty nine individual determinations of t~X are represent-

ed in Figure 2 .3 .  The linear regression equation is given by

h A  = —l.9lKp + 8.4 ; correlation coefficient = -~0.774.

In this scheme, for example , a fu l ly  contracted Feldstein oval

(defined as realized when Kp = 0) is expected to be 8.4 degrees

poleward of Goose Bay in the 1800 — 2200 LT range and the equator—

ward edge of the continuous aurora passes through Goose Bay when

Kp reaches a value of - 4+. This result also reflects the obser-

vation that the auroral oval is located at higher latitudes in

the premidnight sector in comparison to its position near local

midnight.

Substorm phase and the equatorward auroral boundary.

The phase of the inagnetospheric subs torm is known to be

important in characterizing various auroral phenomena fe.g.,

Hoffman and Burch, 1973] ~ It is a d i f f i cu l t  and time-consuming

task to determine substorm phases for statistical studies invol-

ving large data bases [Chacko, 1975] and hence numerical values

I - 
like Kp or AE are only considered in most cases. Figure 2.4a

shows the results of an attempt we made to take the phase of

magnetic activity into account. Graphical representations of the

auroral electrojet activity index (AE )were used to categorize

auroral magnetic activity into four phases: AE quiet, AE rising ,

AE maximum and AE falling. Clearly , this approach does not yield

substorm phases but , as can be seen from the results , is adequate

to organize ~uroral data in such a way as to take some cognizance

of overall magnetic activity phase.

- - - - -  --- -- ~~~~~~~ — --- -  — - - - -
~~~~- - -~~~~ 

- --- --—
~~~~~~~
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As AE remains quiet the equatorward boundary of the con-

tinuous aurora invariably remains several degrees po leward of

Goose Bay in the 1800-2200 LT se~ tor , the mean separation being

about ~ 0 During the rising phase of AE , even when the AE

index remains numerically comparable to the quiet-time values,

the auroral bou”tdary approaches Goose Bay qui te frequently.

The behavior of hA in the AE—fal l ing  phase resemb les , for low

values of the index , the quiet—time behavior more closely than

that irs the AE-risirsg phase. During periods of high magneti c

activity , as indicated by large AE-values , the auroral boundary

approaches Goose Bay and continues to migrate several degrees

equatorward.

Figure 2 . 4 b  presents similar results for the 2200—0200  LT

sector . As expected on the basis of the asymetrical shape of

the auroral oval , the auroral boundary near midnight appears

closer to the Goose Bay station during quiet periods . Still,

on the average , Goose Bay remains about 2½0 equatorward of the

continuous auroral boundary . During highly active magnetic

periods , regardless of whether AE is near maximum or fall ing,

the continuous aurora moves steadi ly equatorward well past the

Goose Bay station .

The DMSP auroral images and ionospheric parameters: statistical

results.

With increasing auroral activi ty the bottomside ionograms

rapidly gain complexi ty and finally conditions tha t render them

virtually ursscalable set in. This circumstance severely limited

LI - - - _ _ _ _ _ _ _ _ _  - ~~~~
—— -  --
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the number of DMSP images with more or less simul taneously deter-

mined ionospheric parameters available for the present study,

the net effect being a larqe attrition in data as seen in Figure 2.1.

Figure 2.5 shows a plot of hA against hfoF2 at Goose Bay , the

latter quanti ty represen tin g the devia tion of the hour ly foF2

value from the monthly median . Note that a positive value of

t~foF2 denotes an individual hourly foF2 greater than the monthly

median .

There are 27 simultaneous scalings of Al and hfoF2 repre—

sented in Figure 2.5 Little of a systematic nature is revealed

by the distribution of the data. In fact there are eight in-

stances of a positive Al accompanied by a positive MoF2 a~i

against eleven instances of a positive ~A associated with a

negative hfoF2. That is, the peak electron density at Goosc Bay

is nearly as likely to be above the monthly median as below i t

when the continuous aurora is poleward of the station . It

F should be noted that even the apparent preponderance of the data

points in the f i rs t  and fourth quan dran ts is only an artifact

of the built-in bias in the data base , i . e . ,  with Al negative ,

the bottomside ionograms were mostly unscalable and had to be

excluded from the data base.

An important consideration in assessing the resul t shown in

f igure  2 . 5  should be the location of Goose Bay as an auroral station

or a trough station depending on magnetic conditions (Buchau , et

a l . ,  1978) - However, the occurrence probabilit ies of the main trough

quoted in the literature vary widely due to differences in the altitude

of the observa tions , the experimental da ta resolution obtained and
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the criteria used for defining the trough (Tulun~y and Sayers , 1971;

Brace and Theis , 1974 ; Feinblum and Iloran , 1973; Halcrow , 1976;

Mendillo and Chacko , 1977; Ahined et al., 1979) . It is therefore

not possible to unravel the complex depend~nces embodied in

figure 2.5 by accounting for the trough on a statstical basis.

Whether the total electron content is significantly changed

by particle-induced ionization in the auroral ionosphere is a

pertinent question . It is understood that in the lower iono-

sphere both accumulation and dissipation of aurorally produce d

ionization take place on time scales of a few seconds while at

F—region heights and above the relevant time scales are of the

order of tens of minutes [JOnes and Rees, 1973] . Sustained born—

bardment of the upper athsosphere by charged particles in the

aurora l energy range could therefore result in measurable TEC

enhancements.

Figure 2.6 shows the deviation of the hourly TEC values

measured at Narssarssuaq from the .monthly mean plotted against

Note that it is the TEC observations at N arssarssuaq,  whose

F-region subionospheric points lie in the vicinity of Goose Bay ,

that are compatible with auroral conditions over the latter site.

A positive ATEC denotes an hourly value above the monthly mean .

In spite of the considerable scatter found in the data, figure 2.6

is consistent with the notion of auroral ionization contributing

to substantial TEC enhancements . It is also clear from f igure 2 . 6

that sometimes even when the instantaneous location of the continuous

aurora is well poleward of the Goose Bay station substantial

enhancements of TEC may occur.

-~~~~~ ~__T _ __ I_j 1~~~~~~
__
~ 

_



- • -- -
~~~~

-- -
~~~~~~~~~

- •  ——•----

~~~~~~~ 17

4.)

C)
4 ) 0
_I E-’
U)

O c ~0._I
-1--’

• S
‘-1 1)3
Q) 4J

5-I
S ‘-( U)

- --- (N 11)0
• +

• S
— 0 1
(Ij --4

cn .Q
S S

— — - 4  (~~~ 7-4

+ rn- I .)
•

• 5 4 0

z

__ 
oeb hap) 

U:

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



18

DMSP auroral images and ionospheric parameters: two case studies.

December 12—13, 1972

The remainder of this chapter deals with two case study

events selected to represent two successive passages of the DNSP

satellite over the northern auroral latitudes in the 1800—2200

and 2200—0200 local time sectors respectively .

Figure 2.7 a and 2.7b show two DMSP images recorded at

2238 UT and 0020 UT on December 12—13 , 1972 on consecutive

traversals. Figure 2.7c shows the behavior of several iono-

spheric and geophysical parameters during this period . IMF

observations are not available for the entire period . The

auroral electrojet activity , however , is re latively un ambiguou s

in this period and the latter of the two DMSP passes takes place

at the peak of a 700y substorm . The two passes are separated

by 102 minutes of universal time implying a corresponding LT change at

Goose Bay. In spite of the drastic change that has occured in

the AE index between the two passes the auroral activity repre-

sented by the two images is somewhat similar in form though not

in intensity . The first pass (1823 LT) observes a contracted

oval display ing bright patches near midnight, polar cap arcs and

diffuse emissions all along the available field of view of the

oval. This is a quiet-time pass which according to the AE

index, occurs about one hour after the recovery of a moderate •
(-250y) substorm and before the onset of a major one. The next

pass (2005 LT) shows an expanded oval with intense auroral

emissions around midnight and , in the pre—midnight sector, quiet

arcs that form the poleward bord2r of the diffuse aurora.
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Figure 2.7c Ionospheric and geophysical parameters during the UT interval
2000 — 0200 on December 12 — 13 , 1972
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The ionospheric parameters presented in Figure 2.7c are

TEC (Narssarssuaq) , foF2 (Goose Bay) and the slab thickness T.

All through the 2000—0200UT pcriod , foF2 remains close to the

monthly mean revealing little more than the steady depletion -•

suffered by the ionosphere on the night side. The total elec-

tron content and slab thickness, on the other hand , register

dramatic enhancements between the two passes in conjunction with

rising auroral electrojet activity. Al values also show one

of the most abrupt changes observed in this study , namely from

+7½° to —1
g
. It is clear in this instance that rapid equator-

ward expansion of the auroral precipitation region past the

Goose Bay latitude has resulted in a very large enhancement in

the total ionization without a corresponding increase in foF2.

(See the Discussion section for previous related work).

November 5, 1972

The two DMSP images represented in Figures 2.8a and 2.8b

show the midnight to early morning sector of the auroral domain.

Figure 2.8a depicts a classic example of the continuous aurora

that remains uniform in intensity all along the visible segment

of the auroral region in a ban d aligned with the magne tic lati-

tude. Poleward of the diffuse emissions are found several

quiet, discrete arcs all of which also appear to be magnetic—

latitude-aligned. This quiet but well-defined auroral activity

is confined to a relatively contracted, oval. Goose Bay is

• located — 3½0 equatorward of the boundary of the continuous

aurora and the nearest discrete arc appears _ 5½ 0 poleward.

The general level of auroral activi ty foun d in the subsequent

4 
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pass (Figure 2 .8b )  is the saine as that seen 102 minutes earlier

in the previous pass. The diffuse emissions have suffered some

apparen t loss of intensi ty and the po lewardmost discrete ar cs

are more active . The ova l appears to have undergone no signi-

ficant expansion or contraction and in fact the magnetic-

latitude—aligned character of both continuous and discrete

auroral displays is preserved. Goose Bay, however is now further

removed from the diffuse aurora owing to the poleward migration

of the auroral oval with local time that occurs in this sector.

Figure 2.8c shows several geophysical and ionospheric parameters

be tween 0300 and 0900 UT on November 5, 197 2 in the same format

as that of Figure 2.7c - All geophysical indications are consis-

tent with the characterization of both these passes as quiet-time ,

contracted oval traversals of the auroral latitudes: AE is very

low and constant and the TMF is northward and more or less stcady .

The TEC values are remarkably constant and deviates little

from the monthly mean. The critical frequency foF2, on the other

hand , shows large deviations f r om the mon th ly mean all through

the local early morning hours. T~e slab thickness shows cor-

responding d3viations. The large, negative foF2 values are con-

sistent with the location of the continuous aurora well pole-

ward of the Goose Bay lati tude .
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Figure 2.8c Ionospheric and geophysical parameters during the UT
interval 0300 — 0900 on November 5 , 1972.
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CHAPTER 3. DISCUS~~ON AND CONCLUSIONS

The principal outcomes of this study may be summarised as

follows .

1. The low latitude boundaries of auroral luminosity

detected by the DMSP and ISIS satellites are very nearly

coincident on a statistical basis. However, this common

boundary lies poleward of the low latitude edge of the

Felds tein auroral oval , possibly signifying a solar cycle-

related variation

2. The proximity of the equatorward edge of the continuous

auror a to the Goose Bay station ( i.e., the size of the

auroral oval) depends not only on the magnitude of the

AE index but on the phase of the 1~E activity. For

ex amp le , in the 1800 — 2200 LT sector , during the rising

phase of auroral electrojet activity, the auroral boundary

• appears closer to Goose Bay even when the AE index

remains numerically comparable to the quiet— time values.

3. Past studies using topside sounder data showed,

on a statistical basis as wel l as in in dividual ins tances,

that the electron density enhancements in the F—region

associa ted with the poleward wall of the main electron

density trough occur a few degrees equatorward of the low

latitude boundary of optical auroral emissions as deter—

mined by ISIS and DMSP auroral images. Very little of a

systematic nature could be deduced from the present

-—

~

“ -- --- - - -- — - — - - - --— _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— - a ~~~~~- —

26

effort which examined the relationships between the presence

of auroral activity near Goose Bay as revealed on DMSP images

and the ionospheric parameters AfoF2 and ATEC.

The low latitude boundary of optical aurora monitored by DMSP, ISIS

and all-sky camera.

The diffuse aurora monitored by the ISIS—2 satellite is considered

to be generated mainly by relatively softer electrons arriving from
e

the inner edge of the plasma sheet (Lui et al., 1977). Mizera et al.,

(1975) have concluded that the more energetic component of the

precipitating electron spectrum is responsible for the major part of

the optical intensity received by the DMSP detector. Meng et al.,

(1979) does not make the distinction between the diffuse aurora and

the continuous aurora and state, on the basis of comparisons between

preci pitating electrons responsible for the diffuse emissions in the

evening sector and their parent populations in the magnetospheric

equatorial plane, that the plasma sheet proper is the source region

for diffuse auroral precipitations.

The DMSP satellites register spectral emissions in the 6,000 to

lO ,000A (full—width at half maximum) range using a line scanning

radiometer (Pike, 1975). The scanning auroral photometer on board

ISIS—2 detects a few prominent auroral spectral lines individually

(Lui and Anger, 1973; Shepherd et al., 1976), thereby affording not

only the best—defined quantitative observation of auroral intensity

but estimates of the energy spectrum of the precipitating particles

as well .  Pike and Whalen (1974) argue , on the basis of the relative

contributions made by the dominant auroral spectral lines to the all—

sky camera range and the DMSP detector range , that approximate

proportionality should exist between the two and hence the spatial

r —- - - 
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patterns of the auroras observed by the two techniques should be

the same . Eather (1978) has reviewed the development and character—

istics of the DMSP detectors and found their sensitivity on a par

with or better than that of all-sky cameras.

Viewed against this background the interrelationships depicted

in Figure 2.2 may be understood in the following terms. 1). On a

statistical basis there is little to recommend drawing a distinction

between the diffuse aurora (ISIS) and the continuous aurora (DMSP).

2). The DMSP observations are characterized by larger scatter and

at very low Kp levels (~~1) the ISIS—2 observations tend to delineate

a lower latitude auroral boundary . In the absence of intercalibra-

ions between the ISIS and DMSP detectors it is not fruitful to try

to choose among the various scenarios , based on relative sensitivities

of these two instruments, that could lead to the above results. If

it is assumed that the IS I S—2 measurements represent a better evalua-

tion of auroral luminosity, on the basis that the experiment is well—

defined and designed specifically for monitoring auroral emissions,

the extra scatter in the DMSP data may possibly be attributed to

variations in the gain levels of the radiometer dictated not necessari-

ly by auroral exigencies. 3). The mean position of the Feldstein

auroral oval low latitude boundary lies significantly equatorward of

the mean positions of the two satellite—defined auroral low latitude

boundaries. The Feldstein and ISIS-2 boundaries maintain a nearly

constant 2 °—separation along the entire Kp range considered. In view

of Eather ’s (1978) finding that the DMSP detectors possess sensiti-

vities at least as good as those of all—sky cameras the explanation

that suggests itself is an intriguing one. The Feldstein and

Starkov (1967) observations upon which the dash-dot line of Figure 2.2

L ~~~~ ~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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is based were made during 1957 1959 when the yearly mean Zurich

sunspot numbers were 190.2, 184.8 and 159.0 respectively. Both

sets of satellite observations were made in the 1971 - 1973 period

when the yearly mean Zurich sunspot number values were 69.7, 66.8

and 39. 3. Feldstein et al. ,  (1969) suggest the possibility of a

solar cycle—associated variation in the auroral oval boundaries

caused by changes occurring in the intensity of the ring current

with the polar electrojets remaining unchanged .

Substonu phase and auroral boundaries.

The role of substorm phase in auroral dynamics has been

recognized befor e (Akasofu , 1968, Eather and Mende , 1973; Hoffman and

Burch, 1973). On account of the sheer volume of labor involved

in the effor t to identif y individual substorms and the attend-

ant uncertainties, few workers have explicitly considered the

substorin phase in statistical studies involving large data bases.

we sought to incorporate the phases of the auroral electrojet

activity into the present study as a crude measure of the
• phases of substorms themselves although the limitations of

the AE index as an indicator of substorms are well—recogniz-

ed (e.g. ,  Kamide and Winningh ain , 1977). The results of this

effort presented in Chapter 2 establish that for the same

general level of magnetic activity indicated by the magnitude

• of the AE index , the response of the aurora]. boundary is vastly

different during AE—rising and AE—fall ing phases.

The information given in Figures 2 .4a  and 2. 4b  may be

utilized to derive numerical estimates of the proximity of the

auroral boun dary to a midnight station as a fun ction of the

AE index magnitude and phase.

L~~ J:
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The optical aurora and aurorai ioniz5ition .

The bulk of the ionizatiuii ~‘roduced by precipitating

auroral particles on the n igh t  side occurs between 100 and

150 ki~ along field lines containing the precipitation (Rees,

1963). At these heights the characteristic times for build-

up and decay of ionization are a few seconds (Jones and

Rees , 1973) i.e., ionization enhancements are more or less

simultaneous with particle precipitations and auroral emissions

at low altitudes. If however, the build-up and dissipation

of ionization at F-region heights are considered , the

characteristic time—scales turn out to be tens of minutes

(Jones and Rees , 1973; Knudsen , 1974; Whitteker , 1977) .

This could happen as a result of in-situ production by very

sof t par ticles , atmospheric heating by precipitating energetic

particles and consequent upwelling of plasma or by plasma

diffusion.

The time lag of tens of minutes be tween particle

precipitation (“optical emissions) and the emergen ce of its

ionization signature in the upper ionosphere is crucial to

the explanation of the observed equatorward disp lacemen t

of the latter with respect to the former (Chacko and Mondillo,

1977). We believe plasma is being transported equatorward

from the production region within this time interval.

Collisional coupling with an equatorward neutra l wind generated

by auroral heating could move auroral ionozation to lower

latitudes and upwards (Bates et a l .,  1973).  A more l ikely cause

would be E x B d r i f t s  coupled with upward diffusion .

_ _
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The dawn— to dusk magnetospheric electric field , when mapped

down the field lines to polar regions by assuming the lines to

be equipotentials, produces ionospheric convection shown

schematically in Figure 3.1. The position of Goose Bay at midnight

corresponds to the ‘T’ in the label TROUGH in the figure. Consider-

ing representative values , a drift velocity component of 0.2 km/sec

operating for 30 minutes will result in a 3.6° displacement, well

in accord with the findings reported by Wagner et al., (1973) and

Chacko and Mendillo (1977). Thus the evolution of F-region

ionization is determined not only by chemistry and upward diffusion

but by equatorward transport as well.

The paucity of E-region data compatible with the rest of the

observations discussed in this report precluded the incorporation

of E-region information into our considerations on a statistical

basis. It may be noted, however , that the Chatanika incoherent

scatter radar observations (Vondrak and Barron, 1976) show that

the bulk of the ionization accompanying visual aurora is well

confined to E-region altitudes, wi th much smaller enhancements

simultaneously observed above a height of —200 kiii.

Narssarssuaq TEC enhancements incorporate an E—region

component along the slanted ray path. We have used hourly values

of TEC in this study , thereby suppressing the great variability

and fine structure associated with the E-region contribution to

TEC enhancements at auroral latitudes.

1-
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Figure 3.1 Typical plasma drif t configuration across the polar
cap superimposed on several high latitude ionospheric
and auroral phenomena (after Brinton et al., 1978) H 
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so lstice un nder  ser v qiI.ct tn ug t r e - t n -  eo i t d r tnons .  1he t rr e :mr t 7t i— c h :mr utvte ri ,ed by dist i nct mel iti /rnrI~ heli s p or .  7 a nne ni
ric h sI ln rs p ls r  number lit  l )eccnr ner l’)7 I ss~is 1n9 \ rmr j oP na /  tude of tI re !-~ pea k remains near l y  cuur t ~ t .u : r it 3(rl - II) ~r-r tip
( Im ’rm at,c ( enter . ~~~~ I lie r i m :  ross r m n n g e s  ol the m iNes to S5~ ( ( 1  In t Im ,  la t i tude range . 5 ’ u~[ - nnn ol ni i S J l l S
(loca l time ts r . seaso n , and so l r r  cyc le )  a s sO cIa ted w tt lr  the dec rease ’ . to t ts mmnim n n u m n n nm n y- umni s a l  .uc of — - 1 el cnn ’. T he
dat,i base a c re t m m e usefu lness i t  the ttte un n results present led latitude s including, and po leaa rd of , t ins a e r  na l  ‘ ‘ t ru ’ - r ’ hc re
hc rc as bas Ic re pr escu:m t ions for lie lati tude depe rnde nmce of the ( ~~64° _ 5r 1° CGI ) umre t o i r k ed  by a loner c ’ r ’ ’ i t I t  mean ,• :urn /

apl ci pruale p r urn e t ers  N ‘ne that in gc-mn er a l the derived s.t l . level of 3 12 ± 12 km - Th~ t r t n s m t u ~ur: t r u er a 3tuI -km mmd-
tics tu !  Iron . ire com m s id c re d less reliable thi ann the alime ~ of lat it ude mean / i rn F 2 to a 3 12 - km high - l :mt i t t i s te  mean) ~‘,:i. t m / c s
cr itical frequency cc .r vs t directly from rnr ps ud e or hottom mis ide place over the CGL range of ~ S5’ —I’-) occup ied l’s the ma rt
tonograms . 1 pic~m lls - /mnn /-~ v : m hm ie s dc rtved front topst dc mono- electron de nsity Iroutg lm umn nd melds a g raduc nit ill 5 kin dc-g.
g r a m - c  arc Inn’ la rge  h~ — 0 / 1 1’ on aceot int of the c rr t ic zm l  I-t gur ~ lb s hoos an indi v idual  Isis 2 p s  ( December IS
c~h rnres e t n i u u r t u r ’ u !  1r - ’ :~ regnor rs itis )V C the F3 peak r5 mt ltc r than 0612 1.’ I - 05’ N CGL) during a qu iet inter va l I A p - - I — 1- Note
From the p c i k  itself t im -Ans i , , . lm)69 (. Concerning t he pre s e nt  t l n ut t ltc large f l t me t tm u mt i o ns in both St ir! 5 a n d  mon 5 t h i t  the
dat us base , the nrg hts :de results should he sta t is t ic , i l Is m ore topside sounder detects , cs peei ill~ at t he ht s - ns - r  l~ t t r  :udc’ ha’-e
re liable th at— the d.iy side results mu ss ing to the mr s - cr  nrt tn rr her ol bee r smoothed out in the g ros s  averages -r r’pu t r t n i - in I ugure
mrt ’se rv t m i u r r s  ,ivui ilattlc urn the mr: i ’ I n t s mt lc .  Note also t hm ,it this Ia . 1 he c e m un n d region of deru lcied s - I s - ct ru ’ nr densi ty loam nd een —

- tered sit 72’ CCI in I Ig m i rc lb rcpr e ce t r ts a s el I- des c oped
l~~n r- t- ~1 9 ’ ’ .  l’s ‘ I C  \ u sus urr (~ e, lu l iss is rl iI rr, ~ ,, cs;onrpk at ii fe t tt tm nc f n e u I su e nrd y  etrco imn rte red ni latitudi nal

ISutu r nui rnr bei 51t7 H 5733
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I l / I ’  I97~~ I - 2 u uu ~, utCs t he lat i tude of t I,c usp-
- i 

- 
r c i ; i : eu l  \ r u r / ~ e nt iua u u c t ntc nmn at 77 .5° ( (iI .ur~d f iSeS a pea k-so ’

- ‘ •  - m%i t is tnnum t i ’~~s t if — 2  3 .  T I s -  mt r s - a : t  /t ’ r;i 5 values in t hc
I s. (m l  r mm t ~~v ex htb m t  ur I us tu at t vm ns N~ ‘ . r r  lick s It is c u O i S S

- - 
~ • niiefl t tO as su int ii t ionitnali 5~~f lst iu:. t  S a IUC s i t  ~~~ j n 19 vm to 

I- 

m s - _ - - -
- the mean heig ht of t i re  J~ p-c;ik aI :hs~ss- I t I t U d es under the

Ii l ‘~ u - l- Cc n l r h \ s i u u L  c s i r u d t i u r t s  : n - s - c: t us - d pre - . ousk A t n d -  ;n tu tsdcs
- 55 ( ii I.), /i n ni 2 nnay possess ;u s c r y  sse ak ::r ugt ;e l iL  a : :  avis -

dependence , name ly, a ‘l ight n :c ? a Is e  slope . h;.t again one

- ma y- assign a nonnmnal l ~ L :ns ta t i t  v ,u lus - of 2~J II km: - tv lte
- )  

- mean heig ht of t I - .s - t , peak hs - tsssc: . 4~ ° and 55° CGL for these
non ditions .

I In mudssi nter . duru nut permo ds of pro longed nag: s - t i c  qu tet- - -  
~~~~~~~~~~~~~~ ~~~~~~ 

t he lat i t udina l d I ’ t r I h Ut su: o f . ’. rim E5 from mid- J I l t s - des  to h;al;
cOR hnEcn ro c-Ls ‘.‘155I ut-. 5 0 u , rea m latitudes near local noon us u.n -s n to kiluos ’ . the paI rs see r in

25 ~~~~~~~~~~~~~~~~~~~~~~~ 
- i  -

~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~ 1 l guu re 2a f ( h i S , 4 Our! . l 1,-n d ul, 1 i 977]. l I k e s - c  2 - - boss s the
nort hern h v -n m n rs phe r c d~ y s ide segment of an Is is 2 s - r H :  at
0013 t I ( t S ’ \  ( ( ‘ L io n  I)s-cemhe: ~~. 1971 This orbtt ss h ,c h

20 -  1 s t a r t e d  toss ards the end of a QQ do~ r e p s - s - s e  m n ’ .  a ~ LOs -t name
- ~ m r . is ers; l .~Itho: c h A ; as ra ;se; i trom I — to 2 ort a c L0 U f l t

- 
2 ‘ 

• of magnret:e a c r u s  I t y  t n t :  e,-::t mence d in he L ut t e r  ha lf  01 the
- - 

-~ - - - first 3- tn i-ut pc r:od atm I) ucs -mber 9 Ftro rs u sbus’ ’. t r y  pat-
-, - -- - tern of a ‘ 1 s u L t  : : ,  .m ’ m n u d ss Inter pass near th e f lout ;  Ine rt -Ju a n

) I ~— - . - . - ssm t h tIc rea l mg ~tu :uds -  t he ~cak e “ c t r o t t  d e r s m t ~ d r - ps  ‘ read-
- : - • ‘ . . 

‘ 
, ‘. - 

t ( y ut i t m i it s u t i t e r r up ted  r’. a na : rs - nss co. umn cit en han c eci  
-‘I 7. - -  - mo nni/ att oni neat 77~ ( (d I he nte t p lanr tar y mag :net: c I s - s i

-
- ~~~~ 

.‘ remained st ea d ’ .  ( — 6  2 -y .nd t ; s - : t h n s  ard t~~r ses s r I  b o o rs
- pr or to the pa ss 1 A - I’ 

~~~~~ 
and t hy sub sc r cci sO . .;, ‘S ü t  the

-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ - -~ I nec in - s i s - I l O .  - 
- - ci t  ~rs -e p.:.r: re t i i , t k r : r iur s hc ate par l c es

45 50 60 
~

-‘ co t - b ums to  t rue  ~r iss n Iatr ’ ~de of t b.s- day ‘dc  ntag : ne: c i s ps-  e s - c
c0~Rtcr to ;.C isMv5- s~ ’tC L a n l r s , t  c u s p  under quiet y o l Idu tm o n s ~/ / : , r  In . 97 2 1 ouUu:, ;’,, Ci 0.

lu g  Ia (lop) Str,in h a nrn t  I h u : t c n r n i t mn- i  ‘I . - near muit nuy h ln ’3J .
rims  n~ t sr  I, for ir t id us miter ~‘.vue: noire co nm dmtu o ns c u ’ n O u  u~ IcC by l~~~i i i ~ 5{) The d:;t a base uci u-cd in th is s t u d y  is d i s t t r tg u ts hed by

1 ,  2 o rhut ~ (to psid e so u nder data i u n i t e  hets s cen i)u si _ I vs & and 2 , re m i r  A uN’. na rr oss ranges of the re cs i t t  ge5 ’ph’. st - s - m i  .~r ne ’ .I9iI; .‘.j- I ‘ -
e lectron dcn st t y- protiles (1c m / r H -  a,: ! ( It tus ( ru  ‘177. Iir ’ r : m , n  

~
- •

ci sa/ - I97~ J. The mean be has mor depicted in I ulus - C a 5 not
ex pected to represent adequ .itc s la t itud s nal ‘c a l utes  t hat are ~ 

I --

too narrosv- , too unstab le tn Iana t utdinal pn’ si: i on , or of too , . .  I ‘ • - _ _
i
I I

in frequent occurrence . - - f ‘ i ”  
- 

, I 
-I- ug ire 2o repres ents the counterpart  of I Igi ure a near local a , - 

•
‘ - - I

noon . There are consud e ra bly le ss er  soundings as , ir lahle on th e
d-ayv mde umnvk r geophys me al conditions similar to the urpn imun’ i -  -~ ~~ ‘ô’ ’ ——
one s pec i t i e u l  for time ho c-uI mmd:t ight ohserva nio nts 7 he aver a ge — -

c urves of h t m l and ,V,,mF7 s hoss n un I- nglu r c 2a are c & n n s : r s - s t e s I
by datui front 4 53  tonogran rs. 1 he nrutnhcr of sv i ;us mdi : i g s  at mid.  iilatitudes ( — 5 5  CGL) us tsh osmt m uir , while r h - :  at hug h o r -  ‘ 

-
- I - -

tudes (—
~ 

7 ’°’ CGL) t~ about 14 Nuts - that the Joimoa r Ints _ 
-

obta ined on the days ide , t houg h fe sser in number , are genee- ~ a /
all y of better qual i ty s i ni d le ntd the mselves to more accurat e 

~c. - / — 
u

sca hin rgs . TIme most proirri nent trend to be observ ed tm the Itni! , ~, 

- 
‘ Th~.’ I 

- 
- 

-
curse is its s t e . n d ,  rise ss i t h i n vremsi m ig  latitude t i m the 5S~— 70 ° I I -  - -

((il. range. 1 mm the middle of t h : s  t r , u u n s i : , o m r  regmo n (57° —67° ‘ Ls - -
CGL) tIne mean /nanE, curve rr - ,cs ;tt a ra te  of — 5  4 m m 5kg The
‘s ~~~ curve s hoss s t h i n  this l; it mtt td e iimtc rs-al is marked by
ste ad i l y d~s ne is tn m g de n ismt mcs ssluch may be- c t r . t r i c l e ru ,c d  by •an
average g rnud ne trt o f -- - II) -. li P - ’ cI cmnr deg Pokw-ard 0 this L u .~~i reg mmm n in t Ime 700~ y t ~ (Lit. rmn ge , one es pac ts t he etlect s ci! C:-’n~O s - T c t - - -  i-~ preem~i I t ,u t u im g i - : _ ugm n c t n ’ s l i . - , m t lt p i mnic les to n nu. u r r lest  thetnsclves
d:u rn nne qunict t i m en c [ f - r a n r & . ( ‘ 5 7 I - / /em / / i ! , (l/t,! IJ i;ntii,uq/ta,,m 1 ig Ii, - Sun rid ’ - l i i i  c u nc n hnte I s i s  2 pass near the m m n i d n i i g h r

- / nncru d ,5 in Onc f i lm ,  (0 eo ius t t t suc . s : s  cu t I Iu ’ ,irC la tIn s ss rhl t , i I  ‘camenta - I . Ira r . I 7..j Pro irni mm ei tt etihance irme nts in ~l, suin ~ li fli— ss rs  t r . i s s - ns e t het ous e n n (‘ uu) ~ and 0~t n Li cnn l) .r ,nnrhe I ~ . IQ7 LA p —pcrat m a ne mntd s ie i i s i t ’ .  in t he to pside mo it srsp! n v— r c have been I — - Note the seconnml . lt ighcr t .m iuuidc ms, : r i ia t i o t r  de plet ion centered anolnsc ms v - uI  m t  thc~c lj nt t i m i le s ( l i t / r u - t r i g, - 1976 , C ht j sAvu and — 7 2 °  CGI_ l//iimnir ,n ti a! -

—.3-- - - - - - 
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25 - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — Fig. 3. S Inn lied irre •m n Jr s t i r s  es ne.ar nn dim ug h i (a ppcn cit rn-c p and

I near nnnmdd .i’ . ( loss er curse)

too - • - -

associate d ss mth tt. The variation of/nan!- , and ‘ s i r ! , est ablished

I 
here may therefore be taken to be repre se ntat ms e of tI re nrag-

- - ne-tic lat i tude (CGL) depeitdence of these pam n u ns - t e ns  along the
-
~ 

- 
- • 

- ,: noon—m t dnmght nire ridnat i tnt mit ts-v minter under quiet m it a s - i c e t i c
• 

5 
• -  co ndm t tons and moderate solar s m u ts It ’ .  (R 69) .

- 
- - - 5 

:
• - 

- Figure 3 offers an trite - resting ju .s t a p os t tm cm n of the sm nnno thed
- 

-- •
~~~4

u 
• - 

mean l imo ! , curves near noon and midnight. The 100-kin diur-
25 - L~ -~~~ • I 

- m] nal d iffer ence usuall y at t r ibute d to the h eight of the mud-
- - - 

‘ .‘..~ latitude /-~ peak ]Ri.s/ihei/i and Ga ’-riou . 1909 ] rcnr,umn s r good
- 

.~~~~~~ bahl par k’ cst tt nm umt e vs he-nm nt is compared tO the 107- k i m se-para-
0 ~~~~~~~~~~~~ ~ tnon observed up to — 5 5 °  CG[,  in Engure 3. The LS-L m dtur nal

co pRrcmr ~ aroMAssEruc 407006 se paration fou nd at the higher latitudes in Fugu me 3 sl mo ,uld he
v iewed as nominal only, s ince tIre ~ ps-a k at these latitudes isHg. 2a. (TopI Mean ~~~ and (bontonii ( mean n near noon - - - -meridian for ntid ms int er quiet murne cort d mt ieu nn , constructed fro nnn 15 Isis c haract c rm ied by wide - f luctu ,ttmon rs in al t i tude ami d densi ty on

2 orbits (topside sounder d a t a )  m mdc be isse e mn l)ecenrher 6 and 27 , bot h ds mysude and ntg htsmde
197 11 /sp � t + . The steady - rise of/nonE, and the accompan ’ . I::g stca dy fall in

NonE, from — 55° to — 7 0° CGL near noon mst y sm m n : p k reflect
- - - — - - - —-—-—— ----— -—----------

~ t he solm nr ,emi ith ring le depetidence of the n nag: nstu de - n d  al t u-
tude of the production peak. Near rnidintght the m u m - s r  (<55°
CGL) arid higher (>65° CGL) lsm t t tude plrts mri populat ions

~ 
are likel y to have been subjected to different E tie lds and

I neutral cv mid’. as well as to different loss and pro duction proc-
?40~

_ 
~ 

esses , t h e  for m er plasma having reached the midn ight me-ri-
20-s- L _~~~~/ \~J dian by rotat ing around the dusksid ue of the cartl r arid the latter

L 1 _ a ___A__ _ i_ ~ - — ~ by convection across the poltmr cap. h ence the too plasma
popu hat iotrs arr i v e to meet inn the - S5° —6 5° CGL range vsl th

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - different minE, levels

Ac&m t u ,u 1mu/g nnm emiis . The author su ppr ect s mies Ills dis c u is s ms ’ f l s ss nh
- -- 

- Michael Mem nd i l to on this ss-ork . It Sn as smm ppo rted by A ir 1-orce
60-  -./ l

s-~ Geoph ysics laboratory eonmtra c t s Fl962$-75-C .0044 and H9tu2 ’ .-75-
—c 

- 
- C—OOl I t5n Ilmn s ii n n 12 ntmcersr i y .

-
~ 

- . The Editor thanks IV . B . Ilans inin for his assistance in es sml uat in rg thus
I - . 

- I 
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